AN 1973-74953U [197349] WPIDS Ful i-'::ez t 

TI Fire resistant polyurethane foam - prepd from chlorinated polyether 

polyols 
DC A2 5 

IN BONNETY G; BOULET J C; LOLIVIER J; TROUILLET P; WALRAEVENS R 
PA (SOLV-C) SOLVAY & CIE 
CYC 10 

PI NL 7306245 A 
BE 798674 A 
DE 2323702 A 
DE 2344595 A 
FR 2180138 A 
JP 49048797 A 
GB 1371488 A 
DE 2323702 B 
CH 568343 A 
AT 7304197 A 
US 4072638 A 
CA 1051599 A 
US 4173710 A 
JP 56024654 B 
NL 175302 B 
DE 2344595 C 
PRAI LU 1973-67005 

LU 1972-65359 
IC IC C08G0018-14 

IPCR C07C0041-00 [I, A]; C07C0041-00 [I,C]; C07C0043-00 [I,C]; C07C0043-00 
[I,C]; C07C0043-13 [I, A]; C07C0043-13 [I, A]; C07C0067-00 [I,A]; 
C07C0067-00 [I,C]; C08G0018-00 [I, A]; C08G0018-00 [I,C]; C08G0018-00 
[I,C]; C08G0018-50 [I, A]; C08G0018-50 [I, A]; C08G0059-00 [I,C]; 
C08G0059-14 [I, A]; C08G0065-00 [I, A]; C08G0065-00 [1,0]; C08G0065-00 
[I,C]; C08G0065-22 [I, A]; C08G0065-24 [I, A]; C08G0065-26 [I, A]; 
C08G0065-32 [I, A]; C08G0065-324 [I, A]; C08G0065-327 [I, A]; C08G0065-335 
[I, A] 

EPC C07C0043-13N; CO 8G0 0 1 8 - 5 0C3 ; C08G00 1 8-50C3B; C08G0059-14H6 ; C08G0065-22B; 

C0 8G00 65-2 4 ; CO 8 GO 0 6 5-2 6M; CO 8G0 0 65-32 4 ; C08G00 65-327 ; C0 8G00 65-3 3 5 
NCL NCLM 521/174.000 

NCLS 521/126.000; 521/129.000; 521/174.000; 568/614.000; 568/674.000; 
568/676.000 
AB NL 7306245 A UPAB: 20050815 

Chlorinated polyether polyols for the preparation of rigid and semi-rigid, fire 
resistant polyurethane foams have formula (I) : (where Z is an organic group with 
the valence P; p is 2-6; x and y are each 0-12; the average value of x+y is 0-12; 
z(x+y) or x + y is equal to the average value of x+y in the whole molecule, and is 
1-72) . 
FS CPI 

MC CPI: A05-A03; A09-A01; A10-E09; A12-S02B 





(197349) * 


NT 


( 


197349) 


FR 


(197352 ) 


DE 


19740110 


(197403) 


DE 


19731228 


(197405) 


FR 


19740511 


(197428) 


JA 


19741023 


(197443) 


EN 


19741121 


(197448) 


DE 


19751031 


(197546) 


DE 


19760515 


( 197624 ) 


DE 


19780207 


(197808) 


EN 


19790327 


(197914) 


EN 


19791106 


(197946) 


EN 


19810608 


(198127) 


JA 


19840516 


(198423) 


NL 


19841108 


(198446) 


DE 



19730212 
19720515 



REPUBLIQUE FRANCAISE 

INSTITUT NATIONAL 
DE LA PRQPRIETE INDUSTRtELLE 



de publication : 



PARIS 



(A n'utiltser que pour 
le classement et les 
commandos da reproduction). 

(^2) N° d'enregtslrement national 
(A utiliser pour les paiements d'annuites, 
les demandes de copies officielles et toutes 
autres correspondences avec 1*1. N.P.I.) 



2.180.138 



73.15798 



DEMANDE 
DE BREVET D'INVENTION 



1 re PUBLICATION 



Date de d6pot 2 mai 1973, a 10 h 20 mn. 

Date de la mise a la disposition du 

public de la demande B.O.P.I. — «Listes» n. 47 du 23-11-1973. 



(5j) Classification Internationale (Int. CI.) C 08 g 22/44; C 08 g 30/10; C 09 k 3/28. 

(7j) D6posant : SoctetS anonyme dite : SOLVAY & CIE, r<§sidant en Belgique. 

(73) Titulaire : Idem (7j) 

(74) Mandataire : 



(54) PolySthers-polyols halogens et mousses de poIyur§thane fabriquees au depart de ceux-ci. 



72; Invention de 



(55) (32) (Si) Priorite conventionnelle : Demandes de brevets de'pose'es dans le Grand-Duche* de Luxembourg, 
le 15 mai 1972, n. 65.359 et le 12 fevrier 1973, n. 67.005 au nom de la demanderesse. 



Vente des fascicules a HMPRIMERIE RATIONALE. 27. rue de la Convention - PARIS (15 e > 



73 15798 



1 



2180138 



La presente invention est relative a de nouveaux polyethers-polyols halo- 
genes ainsi qu'aux mousses de polyurethane fabriquees au depart de ceux-ci. 

On sait que les mousses de polyurethane rigides trouvent des applications 
multiples et diverses dans 1* Industrie et notamment dans les secteurs de la 
5 construction et de 1* isolation ou la resistance au feu est une propriete desi- 
rable voir indispensable. 

II existe plusieurs moyens pour impartir des proprietes de resistance au 
feu aux mousses de polyurethane. Un procede bien connu consist e a incorporer 
aux mousses des additifs ignifuges comme l'oxyde d'antimoine ou encore des 
10 composes halogenes et/ou phosphores tels que les phosphates de tris(dibromo- 
propyle) ou de tris (dichloropropyle) , les biphenyles chlores et les hydrocar- 
bures halogenes. Ces additifs non lie's chimiquement au polymere de base sont 
incapables d' assurer une resistance au feu permanente uniformement repartie. 
Par ailleurs, ils ont en r£gle generale un effet plastifiant sur la mousse, et 
15 par voie de consequence, deprecient ses proprietes mecaniques , notamment sa 
resistance a la compression et sa stabilite dimensionnelle . 

Un autre moyen pour fabriquer des mousses de polyurethane resistant au feu 
consiste a mettre en oeuvre des polyols halogenes et/ou phosphores. 

Dans le brevet francais 1 350 1*25 du 12.3.1963 au nom de Olin Mathieson 
20 Corp, on a decrit l ! emploi de polyethers-polyols halogenes fabriques par addi- 
tion d'epihalohydrines sur des alcools polyhydriques monomeres contenant au 
moins deux groupements hydroxy les . Cette reaction d* addition fournit des poly- 
ethers-polyols halogenes comport ant un nombre de fonctions hydroxy les secondai- 
res £gal au nombre de fonctions hydroxyles du reactif hydroxyle de depart. Les 
25 polyurethanes cellulaires resultant de la reaction de polyisocyanates organiques 
sur ces polyethers-polyols halogenes pr^sentent certes des proprietes permanen- 
tes et satisfaisantes de resistance au feu mais leur stabilite dimensionnelle 
est generalement insuf f isante. Par ailleurs, leur fabrication est difficile du 
fait de la faible reactivity de ces polyethers-polyols : cette reactivite est 
30 encore plus faible que celles des polyethers-polyols non halogenes correspon- 
dents. 

La Demanderesse a maintenant trouve de nouveaux polyethers-polyols haloge- 
nes permettant en particulier la fabrication de mousses de polyurethane igni- 
fuges en permanence. 

35 Les polyethers-polyols halogenes selon l 1 invention repondent a la formule 

generale : 



H 2 0 -F CH 2 - CH - 0 -3- CH2 -CH - 

-»v L mm Jv oh m 



0 - CH - CH n 
I 2 

CH 2 C1 -»x L CH 2 C1 J y OH OH 

dans laquelle z represente un nombre compris entre 2 et 6, x et y representent 



73 15798 



2 



2180138 



des nombres compris eirtre 0 et 12 tels que la valeur moyenne x + y par chaine 
est comprise entre 0 et 12 et que z (x + y) ou x + y represente la valeur 
moyenne de x + y dans toute la molecule est compris entre 1 et 72 et Z repre- 
sente un radical organique de valence z. 
5 Les polyethers-polyols chlores selon 1' invention sont caracterises par la 

presence de groupements a-diols : ils contiennent des groupements hydroxyles 
primaires et secondaires non desactives par la proximite immediate d'atomes de 
chlore . 

Du fait de leurs proprietes particulieres les polySt hers -poly ols halogenes 
10 selon l f invention trouvent des applications nombreuses et diverses telles que 
la fabrication de resines aikydes et d 1 adjuvants pour resines epoxydes. Ces 
polyethers-polyols conviennent egalement a la fabrication de polyethers-polyols 
chlores et phosphorus par reaction avec des composes organiques et/ou inorgani- 
ques du phosphore tels que les acides phosphoreux, phosphoriques , pyro- et poly- 
15 phosphoriques, les acides mono- et diphosphoniques et leurs esters. 

On a trouve en particulier que les polyethers-polyols halogenes selon l r in- 
vention sont appropries a la fabrication de mousses de polyurethane rigides et 
semi-rigides resistant au feu. L 1 invention conceme egalement un procede de 
fabrication de mousses de polyurethane rigides ou semi-rigides resistant au feu. 
20 Selon ce procede, on fabrique des mousses de polyurethane rigides ou semi- 

rigides ignifuges par reaction d'un polyisocyanate organique et d'au moins un 
polyether-polyol de formule generale : 



25 



t 



- CH - CH„ 
1 



*2 ° ~P CH 2 " ™ " ° CH 2 ~ " *f H 2 

-Ix L CH 2 C1 ~*y OH OH J z 

dans laquelle z represente un nombre compris entre 2 et 6, x et y representent 
des nombres compris entre 0 et 12 tels que la valeur moyenne x + y par chaine . 



est comprise entre 0 et 12 et que z (x + y) ou. x + y represente la valeur moyen- 
ne de x + y dans toute la molecule est comprise entre 1 et 72 et Z represente 
30 un radical organique de valence z. 

Des polyethers-polyols chlores selon 1' invention qui sont particulierement 
preferes pour la fabrication de mousses de polyurethane rigides ignifuges repon- 
dent a la formule generale ci-dessus 9 dans laquelle z represente un nombre com- 
pris entre 2 et 6, x et y representent des nombres compris entre 0 et k tels .que 



35 la valeur moyenne x + y par chaine est comprise entre 0 et h et que z (x + y) 



ou x + y represente la valeur moyenne de x + y dans toute la molecule est com- 
pris entre 1 et 2h et Z represente un radical organique de valence z en a Cg. 

Des polyethers-polyols tout particulierement prefires pour la fabrication 
de mousses de polyurethane rigides repondent a la formule generale ci-dessus 
kO dans laquelle z , x et y ont la signification definie ci-dessus et Z represente 
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un radical aliphatique sat aire ou non sature, halogene de valence z en C 0 a C c> 

2 o 

l 1 halogene etant choisi dans le groupe comprenant le chlore et le brome. 

Les polyethers-polyols halogenes selon 1 T invention permettent la fabricatiai 
de mousses de polyur ethane ignifuges poss^dant des propriety s m^caniques analo- 

5 gues sinon superieuresa celles des polyethers-polyols commerciaux non halogenes. 

Les polyethers-polyols halogenes de 1' invention peuvent etre utilises seuls 
ou en melange pour la fabrication de polyurethanes. 

La proportion relative en polyols-polyethers halogenes selon 1* invent ion 
dans le melange de polyethers-polyols mis en oeuvre peut varier dans une assez 

10 large mesure. Les proprietes d T auto-extinguibilite du polyurethane resultant 
sont bien entendu d f autant meilleures que cette proportion est elevee. Des 
polyurethanes rigides auto-extinguibles selon la norme ASTM D ^6^2 peuvent etre . 
obtenus par la mise en oeuvre de melanges de polyethers-polyols comprenant un 
ou plusieurs polyethers-polyols non halogenes et ^0 % , de preference TO % en 

15 poids des polyethers-polyols selon l f invention les moins riches en halogene, et 
seulement 20 a 35 % en poids des polyethers-polyols halogenes selon I 1 invention 
les plus riches en halogene. 

Les mousses de polyurethane rigides et semi -rigides faisant l'objet de 
1' invention sont fabriquees de maniere connue en soi, par reaction de poly- 

20 ethers-polyols halogenes selon l 1 invention ou respect ivement de melanges de poly- 
ethers-polyols non halogenes et halogenes selon 1' invention et de polyisocyana- 
tes organiques, en presence d'un agent de moussage et d'un ou plusieurs cataly- 
seurs de reaction, event uellement d'eau, d* agents emulsionnants et/ou stabili- 
sants, de matieres de charge, de pigments, etc. 

25 Les polyethers-polyols halogenes selon 1" invention sont appropries a la fa- 

brication de mousses de polyurethane par tous les procedes classiques de mous- 
sage tels que le procede en une etape, dit "one-shot", les procedes utilisant 
un prepolymere ou un semi-prepolymere, le procede de pre-expansion dit "frothing". 
Tous les isocyanates organiques couramment utilises pour la fabrication de 

30 mousses de polyurethane rigides conviennent. Des isocyanates particulierement 
preferes sont le bis-(U-phenylisocyanate) de methylene a* l^tat pur ou partiel- 
lement polymerise, les diisocyanates de tolylene a l'etat pur ou sous forme de 
melanges d'isomeres, le 1 ,5-diisocyanate de naphtalene. 

La quantite theorique de polyisocyanate necessaire a la fabrication de 

35 polyurethane est calcuiee de maniere connue en fonction de I'indice d'hydroxyle 
du ou des polyethers-polyols et , le cas echeant de l f eau presents. On utilise 
avantageusement un leger exces de polyisocyanate de maniere a gar ant ir un indi- 
C2 l f isocyanate de 105 a 120 ce qui ameiiore la rS=l3^a_i2e a la distorsion a 
chaud de la mousse de polyurethane rigide resultante. 
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Le catalyseur utilise peut etre l'un quelconque des catalyseurs connus 
comme 6tant utilises a cet ef fet , notarament les amines tertiaires telles la 
triethylenediamined »U-diazabicyclo|2.2.2]octane) , la t riethyl amine , la trim£- 
thylamine. le dimetnylaminoethanol et les sels metalliques tels les sels d'anti- 
5 moine, detain et de fer. La tri£thylamine const itue un catalyseur particulie- 
rement prefe're'. 

La quantite de catalyseur peut varier dans une certaine mesure ; elle af- 
fecte les proprietes micaniques de la mousse resultante. On utilise generale- 
ment de 0,1 a 3 % en poids de catalyseur par rapport au polyether-polyol ou 

10 melange de polyethers-polyols . 

Le choix de l 1 agent de moussage n'est pas critique. Les agents de moussa- 
ge connus conviennent tous sans exception et , notamment , I'eau, les hydrocarbu- 
res halogen&s tels le chlorure de methylene et le chloroforme, ainsi que les 
chlorofluoroalkanes tels le trichloromonofluormethane (R 11), le dichlorodi- 

15 fluoromethane (R 12) et le trichlorotrifluor€thane (R 113). 

La quantite d ? agent de moussage peut egalement varier dans une assez large 
mesure. On utilise avantageusement de 0,1 a" 10 % en poids d'eau et/ou de 1 a 
TO % en poids d'hydrocarbure halogene par rapport au polyether-polyol ou melange 
de polyethers-polyols. 

20 II peut etre utile de preparer les mousses de polyurethane en utilisant de 

faibles quantites d r un agent tensioactif contribuant a ameliorer la structure 
cellulaire et, de preference, de 0,2 a 2 % en poids par rapport au polyether- 
polyol ou melange de polyethers-polyols. 

Les polyethers-polyols chlores faisant I'objet de I 1 invention peuvent etre 

25 obtenus par oligomer is at ion, co-oligomerisation , condensation, deshydrochlora- 
tion et hydrolyse au depart d'^pichlorhydrine d'une part, et d* autre part, d f eau 
ou de composes di- ou polyhydroxyles , eventuellement halogenes et/ou comport ant 
des liens ether-oxyde, et/ou des doubles liaisons susceptibles d'etre halogenees 
dans une etape ulterieure selon des techniques bien connues de l f homme de l T art. 

30 Un mode operatoire approprie consiste en l T hydrolyse en milieu acide dilue 

des ethers di- ou polyglycidyliques des oligomeres de I'epichlorhydrine de 
fonnule generale : 



35 



0 - CH ~ CH 2 0 



"~j 0 ~~F~ CHg - CH - 0 -3 — CHg - CH -/ChJ 
CH 2 C1 Jx L CH 2 C1 Jy \ J z 



! 

CI 

dans laquelle z represente un nombre compris entre 2 et 6, x et y representent 



des nombres compris entre 0 et 12 tels que la valeur moyenne x + y par chaxne 
est comprise entre 0 et 12 et que z (x + y) ou x + y represente la valeur moyen^ 
ne de x + y dans toute la molecule est compris entre 1 et 72 et Z represente un 
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radical organique sature ou non sature , eventuellement halogene ,de valence z . 

Cette hydrolyse peut s 1 accompagner de reactions secondaires de condensation 
qui amenent un allongement des chaines avec formation de polyethers-polyols 
chlores plus riches en chlore et moins riches en fonctions hydroxyles. 
5 II n f est pas indispensable de se'parer ces produits qui sont egalement des 

polyethers-polyols chlores contenant des groupements a-diols et dont la presence 
ne nuit aucunement a la synthese de produits plus elabores. 

L 1 hydrolyse des ethers di- et polyglycidyliques des oligomeres de l'epi- 
chlorhydrine s'effectue avantageusement en milieu acide nitrique ou perchlorique. 
10 Lea quantites d r eau et d f acide & mettre en oeuvre pour 1 'hydrolyse peuvent 

varier dans une large mesure. Elles regissent notamment la duree de la reaction 
ainsi que le taux des reactions secondaires de condensation- On utilise avan- 
tageusement 1,2.10 a 2,5.10 moles d r acide nitrique et 1 a 10 kg d ! eau par 
mole d 1 ether di- ou polyglyciaylique. 
15 La reaction d' hydrolyse s'effectue sous agitation a la temperature d* ebul- 

lition du melange react ionnel . La fin de reaction est detectee par dosage de 
1 1 oxygene "oxirannique res iduel . 

Apres refroidissement , le produit de la reaction peut se presenter sous la 
forme d'un systeme a deux phases : une phase aqueuse contenant les polyethers- 
20 polyols chlores les plus legers et les plus riches en fonctions hydroxyles et 
une phase organique dense saturee d'eau contenant les polyethers-polyols halo- 
genes les plus lourds et les plus riches en halogene. II n'est pas indispensa- 
ble de separer ces deux, phases et de les traiter separement pour isoler les 
polyethers-polyols qu* elles contiennent. 
25 Le mode operatoire deer it ci-dessus est approprie a la fabrication de 

polyethers-polyols halogenes "sur mesure" presentant des teneurs relatives va- 
riables en halogene et en fonctions hydroxyles determinees par le choix appro- 
prie de l'ether glycidylique initial et/ou des conditions d T hydrolyse. 

Les Others di- et polyglycidyliq. ues des oligomeres de l'epichlorhydrine 
30 sont obtenus, de maniere connue en soi, par deshydrochloration en milieu alcalin 
des polyethers-polyols chlores a groupements chlorhydriniques terminaux resul- 
tant de l 1 oligomer is at ion de 1 'epichlorhydrine initiee par de I'eau ou un compo- 
* se di- ou polyhydroxyle qui peut etre de nature aliphatique, alicyclique ou 
aiomatique, sature ou insature , halogene ou non halogene. 
35 Un premier type d* ethers di- et polyglycidyliques conformes a la formule 

ci-dessus, comprend ceux dont la formule comporte un radical Z non halogene. 
lis sont obtenus par deshydrochloration des polyethers-polyols chlores qui re- 
sultent de l'oligomerisation catalytique de l'epichlorhydrine initiee par des 
polyols satures ou non satures, tels l f ethylene-, le propylene- et l'hexamethy- 
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leneglycols, la glycerine, le "butane- et l^exanetriol , le trimethylolpropane , 
1 1 erythritol et le pentae*rythritol , le mannitol et le sorbitol, le resorcinol, 
le catechol, 1 1 hydr oquinone , le bisphenol A, le di- et le tri-ethyleneglycol , 
le di- ou le tri-propyleneglycol , les 2-butene-l ,U-diol, 3~butene-1 ,2-diol, 

5 2-butyne-1 ,U-diol, 3~butyne-1 ,2-diol , 1 ,5~hexadiene-3 ,^-diol , 2 ,U-hexadiene- 
1 ,6-diol , 1 ,5-hexadiyne-3 ,U-diol , 2 ,H-hexadiyne-1 ,6-diol. 

Les polyols qui sont particulierement preferes sont les polyols aliphati- 
ques et specialement le 2-butene-1 ,U-diol et le 2-butyne-l ,4-diol, 1' Ethylene- 
glycol et la glycerine. L'emploi de ces derniers initiateurs conduit a I'obten- 

10 tion d T ethers di- et polyglycidyliques repondant a la formule generale ci- 
dessus dans laquelle Z represente respectivement les radicaux -CH 2 -CH 2 - et 
-CH 2 -CH-CH 2 -- 

I Un second type d 1 ethers di- et polyglycidyliques conduisant a des poly- 
ether s-polyols a teneur en halogene plus elevee comprend ceux dont la formule 

15 ci-dessus comporte un radical Z halogene, l'halogene etant choisi dans le grou- 
pe comprenant le chlore et le brome. lis peuvent etre obtenus par deshydrochlo- 
ration des polyethers-polyols chlores qui resultent de l 1 oligomers sat ion cata- 
lytique de 1 * epichlorhydrine initiee par des polyols halogene s , satures ou non 
satures tels les monochlor- et monobromhydrines du glycerol, le 3,U-dibromo- 

20 1 ,2-butanediol , le 2 ,3-dibromo-l ^-butanediol , les 2 ,3-dibromo-2-butene-1 ,U- 
diols , les 3 ,U-dibromo-2-butene-l ,2-diols , le 2 ,2(bis)bromomethyl-1 ,3-propane- 
diol , le 1,2,5, 6-t etr abromo-3 , U-hexanediol . 

L' oligomer isat ion de l 1 epichlorhydrine peut egalement etre initiee par un 
melange de diols bromes et/ou insatures . 

25 Le rapport molaire de 1 T epichlorhydrine et du polyol initiateur n ! est pas 

critique et peut varier dans de large s proportions . Ce rapport regit l'indice 
d'hydroxyle du polyether-polyol resultant. 

Le catalyseur d 1 oligomer is at ion peut etre l'un quelconque des catalyseurs 
acides connus pour ce type de reaction. On utilise neanmoins , de preference, 

30 le trifluorure de bore a l'itat libre ou complexe. 

Des ethers di- et polyglycidyliques des oligomeres bromes de 1 * epichlorhy- 
drine peuvent egalement etre obtenus par bromation mole cul aire partielle ou 
totale des ethers di- ou polyglycidyliques des oligomeres insatures de 1' epi- 
chlorhydrine obtenus par deshydrochloration en milieu alcalin des polyethers- 

35 polyols chlores insatures resultant de l f oligomer is at ion catalytique de l 1 epi- 
chlorhydrine , initiee par un compose di- ou polyhydroxyle insature. 

En outre, la teneur en halogene des polyethers-polyols de l 1 invention peut 
encore etre augmentee et , par la, la resistance a la flamme des polyurethanes 
qui en derivent , si ces polyethers-polyols presentent encore des insaturations , 
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par une bromation partielle ou totale de ces insaturations . Selon cette techni- 
que, on brome les polyols insatures resultant de I'hydrolyse en milieu acide 
dilu^ dea Others di- ou polyglycidyliques des oligomeres insatures de I'epi- 
chlorhydrine de formule gene rale : 

Y ~ff° " | E " ""t~ ° "f" ° H 2 " | H " CH 2 " C V/ CH 2l 

L L CHgCl Jx L CH 2 C1 J y V J z 

dans laquelle x, y et z repondent & la definition ci-dessus et Y repr£sente un 
radical organique insature de valence z. 
10 Le mode de bromatbn des polyethers-polyols et des Others glycidyliques n'est 

pas critique. On peut operer de manie*re connue en soi, event uellement en pre- 
sence d'un catalyseur et d f un solvent inerte tel que le chloroforme, le tetra- 
chlorure de carbone, le chlorure de methylene, 1 ' o-dichlorobenzene . 

La temperature est gene*ralement maintenue en-dessous de 50-60°C. 
15 La quant it e de brome mise en oeuvre n'est pas critique. On utilise ne*an- 

moins de preference le brome en quantite quasi stoechiometrique . 

Des polyethers-polyols particulierement pre feres repondent a la formule 
generale dans laquelle Z represente les radicaux CH 2 C1-CH- j -CH 2 -CHBr-CHBr-CH 2 -; 
-CH 2 -CBr»CBr-CH 2 -. ci^- 
20 Les exemples qui suivent illustrent 1 T invention sans toutefois la limit er. 

Les exemples 1,2, 3, ^ et 5 concernent la fabrication de melanges de 
polyethers-polyols chlor6s par hydratation des ethers glycidyliques d f oligome- 
res de l'epi chlorhydrine obtenus par addition d'epi chlorhydrine sur le monochlor- 
propanediol (exemples 1, 2,3), 1'ethyleneglycol (exemple h) et la glycerine 
25 exemple 5) • 

L r exemple 6 concerne la fabrication de polyethers-polyols chlorobromes par 
bromation des polyethers-polyols chlorSs insatures resultant de I'hydrolyse de 
1' ether diglycidylique fabrique par addition d'epi chlorhydrine sur le butyne- 
diol. 

30 Les exemples 7 et 8 concernent des mousses de polyurethane fabriquees a 

1' intervention de melanges de polyethers-polyols chlores fabriques respective- 
ment selon les exemples 1 et U. 

L 1 exemple 9 concerne des mousses de polyurethane fabriquees a 1' interven- 
tion d'un melange de polyethers-polyols chlorobromes selon 1 ! exemple 6 et d'un 
35 polyether-polyol commercial non halogene present ant un indice d'hydroxyle de 
503, une viscosite a 20°C de 118 poises, vendu sous la marque V0RAN0L RN U90. 

L» exemple 10, de reference, concerne des mousses de polyurethane fabriquees 
a 1' intervention du polyether-polyol commercial. 

L' exemple 1 1 , de reference, concerne des mousses de polyurethane fabriquees 
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a 1' intervention d'un poly e the r-polyol chlore selon le "brevet prScite de Olin 
Mathisson Corp, et synthetise" par oligomerisation de 1 1 epichlorhydrine en pre- 
sence de glycerine dans le rapport molaire 4/1. 
Exemple 1 

5 Dans un r£acteur en verre de 2 litres, plongeant dans un "bain d'huile ther- 

mostatise, equp£ d'un agitateur et d'un condenseur a reflux, on introduit a 
temperature ambiante 500 g, soit 1 mole d'ether diglycidylique du tetramere de 
l 1 epichlorhydrine, 1000 cm^ d'eau demineralisee et 12,5 cm 3 d'acide nitrique 
normal. 

10 Le milieu est porte" a l'ebullition et maintenu sous agitation constante. 

Apres 20 heures , le dosage de l'oxygene oxira.nniq.ue indique que tout 1* ether 
diglycidylique est hydrate. Le melange r^actionnel est alors refroidi et sou- 
mis tel quel, sans separation des phases aqueuse et organique, a une evapora- 
tion sous press ion reduite de manidre a chasser la majeure partie de l f eau.Les 

15 polyethers-polyols chlores sont ensuite seches par entrainement azeotropique de 
l'eau par le chlorure de methylene. Un entrainement par de 1» azote a 60°C per- 
met de chasser les dernieres traces d T eau et de chlorure de methylene. On re- 
cueille un liquide limpide , relativement visqueux ayant les caracteristiques 



suivantes : 

20 poids specif ique, 20°C 1 ,337 

viscosite a 20°C, poises 750 

teneur en chlore, % en poids 25 

indice d'hydroxyle, mg KOH/g polyol 409 

indice de coloration Gardner 9 

25 masse moleculaire moyenne mesuree 534 

valeur moyenne de (x + y), calculee 1,51 
Exemple 2 



On opere selon un mode operatoire conforme a celui de 1* exemple 1 en uti- 
lisant 500 g 9 soit 0,815 mole d'ether diglycidylique du trimere de l'epichlor- 
30 hydrine. On recueille un liquide limpide ayant les caracteristiques suivantes: 



poids specif ique, 20°C - 1,329 

viscosite a 20°C, poises 610 
teneur en chlore, % en poids 24,21 

indice d f hydroxyle, mg KOH/g polyol 458 
35 indice de coloration Gardner 6 

masse moleculaire moyenne mesuree 469 
valeur moyenne de + y) , calculee 1,19 



Le melange decrit de polyethers-polyols chlores fabriques selon 1' exemple 
2 est decante et separe en une phase aqueuse et une phase organique et les deux 
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phases sont alors traitees separement afin d'isoler les produits qu'elles 
contiennent. 

Le produit recueilli en phase aqueuse qui represente kj % en poids du 
total des produits recueillis en phases aqueuse et organique presente les pro- 
5 priet£s suivantes : 

poids specif ique , 20°C 1 ,320 

viscosite a 20°C, poises 1*10 
teneur en chlore, % en poids 22,65 
indice d'hydroxyle, mg KOH/g polyol 562 
10 indice de coloration Gardner 6 

masse mole cul aire moyenne mesure'e 366 



valeur moyenne de (x + y) , calculee 0,66 

Le produit recueilli en phase organique presente les proprietes suivantes : 
poids specif ique, 20°C 1,336 
15 viscosite a 20°C, poises U18 

teneur en chlore, % en poids 26,22 
indice d'hydroxyle, mg KOH/g polyol 360 
indice de coloration Gardner 6 
Masse mole cul aire moyenne, mesuree 567 
20 valeur moyenne de (x + y) , calculee 1,75. 

Exemple 3 

On opere selon un mode operatoire conforme a celui de 1 T exemple 1 , en uti- 
lisant 500 g, soit 1,185 moles d* ether diglyeidylique du pentamere de l'epichlor- 
hydrine. On recueille un liquide limpide ayant les proprietes suivantes : 
25 poids specif ique 9 20°C 1 ,3M* 

viscosite a 20°C, poises 950 

teneur en chlore, % en poids 29,29 

indice d'hydroxyle, mg KOH/g polyol 336 ; 

indice de coloration Gardner 7 
30 masse moleculaire moyenne mesuree 6^3 

valeur moyenne de (x + y) , calculee 2,12. 
Exemple k 

On opere selon un mode operatoire conforme a celui de 1 T exemple 1 en uti- 
lisant 500 g, soit 1,10 mole d'ether diglyeidylique d T un oligomere de l'epichlor- 
35 hydrine, fabrique par deshydrochloration du produit resultant de I'addition de 
5 moles d' epichlorhydrine sur 1 mole d'ethyleneglycol. 

On recueille un liquide limpide ayant les caracte*ristiques suivantes : 

poids specifique, 20°C 1,312 

viscosite* a 20°C, poises 291 
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teneur en chlore, % en poids 22,8 

indice d'hydroxyle, mg KOH/g polyol 1*30 
indie e de coloration Gardner 6 

masse moleculaire moyenne 506 
valeur moyenne de (x + y) , calculee 1,63. 
5 Exemple 5 



On opere selon un mode operatoire conforme a celui de 1' exemple 1 en uti- 
lisant 500 g, soit 0,55 mole d'ether triglycidylique d f un oligomere de I'epichlor- 
hydrine, fabrique par deshydrochloration du produit resultant de 1' addition de 
10 moles d 1 epichlorhydrine sur 1 mole de glycerine. 
10 On recueille un liquide tres visqueux ayant les caracteristiques suivantes: 



poids specif ique, 20°C 1,3^3 

teneur en chlore, % en poids 26,5 

indice d 1 hydr oxyle , mg KOH/g polyol 308 

indice de coloration Gardner 12 

15 masse moleculaire moyenne mesuree 989 

valeur moyenne de (x + y) , calculee 2 »59- 
Exemple 6 



Dans un reacteur en verre de 2 litres, plongeant dans un bain d'huile ther- 
mostatis^, equipe d'un agitateur et d ! un condenseur a reflux, on introduit a" 

20 temperature ambiante 500 g, soit 1,1 6 mole d f 6ther diglycidylique d f un oligomere 
insature de 1 1 epichlorhydrine , fabrique par deshydrochloration du produit re- 
sultant de 1' addition de Up moles d 1 epichlorhydrine sur 1 mole de butynediol , 
1000 cm d'eau demineralis€e et 2,9 cnT d'une solution aqueuse d'acide perchlo- 
rique a 70 % en poids. 

25 On opere ensuite selon le mode operatoire de 1* exemple 1, On recueille un 

liquide mobile brunatre, const itue par 1,1 6 mole de polyether-polyol chlore 
comportant une insaturation acetylenique . 

Au melange reactionnel ref roidi , additionne de 1 ,U g de diethyletherate de 
trifluorure de bore, on ajoute goutte a goutte 1 ,16 mole de brome. On veille a 

30 ce que la temperature ne depasse pas 50°C. Apres 1' introduction du brome qui a 
dure environ 2 heures on laisse le melange sous agitdion jusqu'a ce que les 
vapeurs brunes de la phase gazeuse disparaissent . On neutralise ensuite lacidi- 
te par addition de carbonate de calcium anhydre et on maintient sous forte agi- 
tation pendant 2 heures. On observe un degagement d 1 anhydride carbonique. La 

35 masse obtenue etant assez visqueuse, on ajoute 0,5 litre de chlorure de methy- 
lene et on filtre afin d'eliminer le carbonate de calcium. Le chlorure de me- 
thylene est ensuite elimine" par evaporation a 95°C sous 15 mm de mercure 
jusqu'a poids constant. 

Les caracteristiques du polyether-polyol chlorobrome obtenu, qui comporte 
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une double liaison sont les suivantes : 

poids specif ique, 20°C 1,67 

viscosite a 20°C, poises 900 

teneur en chlore, % en poids 1^,2 

5 teneur en brome, % en poids 25,6 

indice d' hydroxy le mg KOH/g polyol 330 

indice de coloration Gardner 10 

masse mole'culaire moyenne mesuree 7U6 

valeur moyenne de (x + y) , calcul£e 1,9. 
10 Sxemple 7 



Dans un recipient en verre de kOO cm , on introduit successivement 100 g 
de polyethers-polyols chlores de 1» exemple 1, 0,5 g de silicone DC 193, 2 g de * 
triethylamine et kO g de trichlorofluoromethane (R 11). On agite le melange de 
maniere & le rendre parfaitement homogene. On ajoute ensuite 103,8 g de bis- 

15 (^-pbenylisocyanate) de methylene brut. Le melange resultant est agite pendant 
20 secondes, puis verse dans un moule et admis a cuire a temperature ambiante. 
Le temps de cremage s'ele*ve a 3 secondes, le temps de developpement a 30 secon- 
des. On obtent une mousse rigide auto-extinguible dont les principales carac- 
t£ristiques physiques et mecaniques figurent au Tableau I, les propriit^s de 

20 resistance au feu au Tableau II. 
Exemple 8 

On opere selon un mode operatoire analogue a l 1 exemple 7, mais en utilisant 
100 g de polyethers-polyols chlores de 1' exemple k 9 et 109,2 g de bis(l+-phenyl- 
isocyanate) de methylene brut. Le temps de cremage s*eleve a 6 secondes, le 
25 temps de developpement & 2k secondes. On obtient une mousse rigide auto-extin- 
guible dont les principales caract£ristiques physiques et mecaniques figurent au 
Tableau I, les proprietes de resistance au feu au Tableau II. 
Exemple 9 

On opere selon un mode operatoire analogue a* 1" exemple 7, mais en utilisant 
30 50 g d'un melange de polyethers-polyols chlorobromes de I'exemple 6, 50 g du 
polyether-polyol commercial, 1 ,5 g de triethylamine et 106 g de bis(^-phenyl- 
isocyanate) de methylene. On developpe ainsi une mousse rigide auto-ex&nguible 
avec un temps de cremage de 13 secondes et un temps de developpement de 75 
secondes . 

35 Les principales caracteristiques physiques et mecaniques de cette mousse 

figurent au Tableau I, ses proprietes de resistance au feu au Tableau II. 
Exemple 10 (de reference) 

On opere selon un mode operatoire analogue a celui decrit a 1 ? exemple 7, 
mais en utilisant 100 g du polyether-polyol commercial ; 128 g de bis(U-phenyl- 
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isocyanate) de methylene et un melange d f amines comprenant 1,5 g de triethyl- 
amine et 0,5 g de triethylenediamine . On developpe ainsi une mousse rigide 
combustible avec un temps de cremage de 35 secondes et un temps de developpe- 
ment de 85 secondes. Les principales caracteristiques physiques et mecaniques 
de cette mousse figurent au Tableau I, ses proprietes de resistance au feu au 
Tableau II. 

Tableau I 



N° de I'exem-nle 


7 


8 


9 


10 (ref) 


Caracteristiques de la mousse 


















poids specif ique apparent ,kg/m^ 


36,3 I 


36 


32 


29,6 


dimension moyenne des cellules, 
mm sens horizontal 
sens vertical 


0,24 

0,42 | 


0,22 
0,46 




3,32 
0,46 


0,30 
0,65 


proportion de cellules fermees 
(methode SCHOLTEN ) , % * 


90 




91 


91 


88 




absorption d'eau (norme ASTM 
D 2127), % vol. 


1,8 


1 


,8 


2,5 


1,5 


conductibilite thermique (d T apres 
norme DIN 5 2612) cal/cm.sec.°C 


0,7.10~ U 


0,6.10 h 


0,63. 10~ U 


0,6.10~ U 


resistance a la compression 
(norme ISO R844) , kg/cm 2 3BE 


tr 




TT 




TT 


f- 


TT 




contrainte a 10? de deformation 
charge maxim ale 


1,64 
1,91 


1,35 
1,35 


1,93 
ND 


1,34 
ND 


2,37 
ND 


ND 
ND 


1,88 
1,88 


l ,16 
1 ,16 


resistance a la flexion (norme 
ISO R 1209) XX 


tt 












TT 




charge de rupture , leg 
deplacement du couteau a 
la rupture, mm 


1 ,56 
18,1 


2,66 
12,0 


ED 
ND 


ND 
ND 


1 ,49 
14,4 


2,71 
10,0 


stability dimensionnelle (a 10CPC 
sous humidite ambiante) 


















methode a la feuille d* alumi- 
nium de ICI, echantillons de 
15 x 15 x 1 cm, variation de 
surface, % apres 1 jour 
apres 7 jours 


+ 
+ 


5,8 
8,6 


0 
0 


ND 
+ *,5 


+ 4,7 
+ 8,3 


methode d T apres SCHOLTEN, 
echantillons de 5 x 5 x 5 cm 
variation de la longueur 
moyenne des aretes , 
% apris I jour 
apres 7 jours 


+ 
+ 


0,53 
1,1 


ND 
+ 


0,5 


ND 
ND 


+ 0,87 
+ 1,5 


friabilite (methode ASTM C 1*21) 


















perte de poids en % 
apres 2 min. 
apres 10 min. 


4,o ■ 
16,8 


2 
11 


,0 
,2 


0,7 
5,2 


h.2 
26,0 
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ND : non determine. 

* : ne comprend pas de correction pour les cellules de surface. 

3BE |f figure les solli citations paralleles a 1' expansion de la mousse. 

figure les solicitations perpendiculaires a" l'expansion de la mousse. 

Tableau II 



N° de l 1 exemple 


7 


8 


9 


10 (ref) 


Test d'inflammabilite 
(norme ASTM D 1692) 










classe 


auto- 
extinguible 


auto- 
extinguible 


auto- 
extinguible 


combus- 
tible 


temps ecoule avant extinc- 
tion, sec. 


1*7 




hi 




duree de la combustion, sec. 








U6 


Importance de la combustion, 
cm 


2,6 


3,3 


3 


12,7 


importance de la combust ion, % 


20,5 


25,9 


23,5 


100 


vitesse de combustion,cm/min. 




h,6 


3,8 


16,6 


Test d T inflammabilite (d'apres 
norme ASTM E 162) 










classe 


auto- 
extinguible 


auto— 
extinguible 


auto— 
extinguible 


combus- 
tible 


temps ecoule" avant extinc- 
tion, sec. 


132 


ND 


86 




duree de la combustion, sec. 




ND 






importance de la combustion, 
cm 


17,6 


ND 


31,5 




importance de la combustion,? 


61,5 


ND 


90 




vitesse de combust ion, cm/min. 


9,8 


WD 


22 





5 Exemple 11 (de reference) 

On opere selon un mode operatoire analogue & celui d€crit & 1 ! exemple 7 
mais en utilisant 100 g d ! un oligomere de l'epichlorhydrine fabrique par addi- 
tion de 5 moles d'epichlorhydrine sur 1 mole de glycerine. Les caracteristi- 
ques principales de ce produit sont les suivantes : 



10 poids specifique, 20°C 1,3*17 

viscosity a 20°C, poises 232 
teneur en chlore, % en poids 32, Ul 

indice d'hydroxyle, mg KOH/g polyol 282 
indice de coloration Gardner 3 

15 masse moleculaire moyenne mesuree 5^8. 
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Outre les 100 g d'oligom^re decrit ci-dessus , on met en oeuvre 0,5 g de 
silicone DC 193, 1,5 g de triethylamine , 30 g de trichlorofluoromethane et 
71,6 g de bis(U-phenylisocyanate) de methylene brut. 

Le temps de cremage s'eleve a 20 secondes. 
5 Apres 101 secondes s ! est developpee une mousse ayant un poids specif ique 

de 35,8 kg/m^ qui est auto-extinguible selon les normes ASTM D 1 692 et E 162. 

Les proprietes de resistance a la flexion et a la compression de cette mous- 
se sont comparables a celles de la mousse fabriquees a i'exemple 7. Sa stabi- 
lity dimensionnelle est neanmoins nettement insuffisante : les variations de 
10 la surface ou de la longueur moyenne des aretes d'echantillons de 15 x 15 x 1 
cm, maintenus pendant 1 jour a 100°C sous humidite ambiante ne sont meme plus 
mesurables du fait du ramollissement des echantillons et de 1' apparition de 
nombreuses crevasses. 

La comparaison des proprietes des mousses de polyurethane rigides fabri- 
15 quees selon les exemples 7, 8, 9, 10 et 11 montre a suffisance que les nouveaux 
polyethers-polyols chlores selon I 1 invention permettent la fabrication de mousses 
rigides auto-extinguibles presentant des proprietes mecaniques comparables sinon 
superieures a celles des mousses rigides fabriquees a 1' intervention de poly- 
ethers-polyols non habgenes et notamment une bonne stabilite dimensionnelle, 
20 propriete indispensable a l'emploi effectif de mousses rigides que ne possedent 
pas les mousses fabriquees a l 1 intervention de polyethers-polyols chlores de 
l ! art anterieirr . 
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REVEND ICATION S 



1 - Polyethers-polyols de formule generale 

" ! H 2 C1 Jx L CH 2 C 

dans laquelle z represente un nombre compris entre 2 et 6, x et y represents nt 
des nombres compris entre 0 et 12 tels que la valeur moyenne x + y par chaine 



tO - CH - CH 2 ^j- 0 -F- CHg - CH - 0 -4- CH 2 - CH - CH 2 
CH CI Jx L CH CI Jy OH OH 



est comprise entre 0 et 12 et que z (x + y) ou* x + y represente la valeur 
moyenne de x + y dans toute la molecule est compris entre 1 et 72 et Z repre- 
sente un radical organique de valence z, 

10 2 - Poly£thers-polyols conformes a la revendication 1, caracterises en ce 

que Z represente le radical organique bivalent CH CI - CH - 

2 I 

c v 

3 - Poly ethers -poly ols conformes a la revendication 1 3 caracterises en ce 
15 que Z represente le radical organique sature non halogene bivalent -CH^-CH^-. 

k - Polyethers-polyols con formes a la revendicatinn 1 , caracterises en ce 
que Z represente le radical organique sature non halo gene trivalent 
-CH„ - CH - CH_ 
I 

5 - Polyethers-polyols conformes a la revendication 1 , caract iris's en 
20 ce que Z represente un radical organique non sature de valence z. 

6 - Polyethers-polyols conformes a la revendication 1 , caractirisis en 
ce que Z represente un radical organique brome, sature ou non sature, de 
valence z . 

7 - Polyethers-polyols conformes a la revendication 6, caracterises en 

25 ce que Z represente le radical organique sature brome bivalent -CHg-tjJH-CH-CHg- . 

Br Br 

8 - Polyethers-polyols conformes a la revendication 6, caracterises en 

ce que Z represente le radical organique insatur^ brome bivalent -CH 2 -<pC-CH 2 - . 

Br Br 

30 9 - Polyethers-polyols conformes a l ? une ou l f autre des revendi cat ions 

precedentes , caracterises en ce que x et y representent des nombres compris 



entre 0 et k tels que la valeur moyenne x + y par chaine est comprise entre 0 
et 4 et que z (x + y) oH x + y represente la valeur moyenne de x + y dans 
toute la molecule est compris entre 1 et 24. 
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10 - Procede pour la fabrication de polyethers-polyols selon la revendica- 
tion 1, caracterise en ce qu'on hydrolyse en milieu acide dilue des ethers 
polyglycidyliques d f oligom£res de l 1 epichlorhydrine repondant a la formule 

0 - CH - CH 2 -j- 0 -4- CH 2 - CH - 0 4- CH 2 - CH - CH 2 
CH 2 C1 Jx L c^ca J y \ 7 J 

dans laquelle z reprSsente un nombre compris en-be 2 et 6, x et y des nombres 
compris entre 0 et 12 tels que la valeur moyenne x + y par chaxne est comprise 
entre 0 et 12 et que z (x+y) oiix+y represente la valeur moyenne de x + y 
dans toute la molecule est compris entre 1 et 72 et Z un radical organique de 
10 valence z. 

11 - Procede pour la fabrication de polyethers-polyols selon la revendica- 
tion 6, caracterise en ce qu'on soumet a la bromation moleculaire partielle ou 
totale les polyethers-polyols insatures conformes a la revendication 5. 

12 - Utilisation de polyethers-polyols selon l , une quelconque des revendi- 
15 cations 1 a 9 seuls ou en melange pour la fabrication de mousses de polyuretha- 

ne semi-rigides ou rigides . 

13 - Utilisation de melanges de polyithers-polyols non chlores et de poly- 
ethers-polyols chlores selon l'une quelconque des revendi cat ions 1 a 9 pour la 
fabrication de mousses de polyur^thane semi-rigides ou rigides . 

20 - Mousses de polyurethane semi-rigides ou rigides fabriquees a 1' inter- 

vention d'au moins un polyether-polyol chlore con forme a l ! une quelconque des 
revendications 1 a 9. 
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[57] ABSTRACT 

New halogenated polyether polyols for the production 
of permanently fire-proof polyurethane foams, said 
halogenated polyether polyols corresponding to the 
general formula: 



f 



— CH— CH 2 ^-0-FCH 2 — CH— 0^-CH 2 — CH— CH 2 
CH 2 C1 I CH 2 C1 I OH OH 



in which z represents a number between 2 and 6, x and 
y represent numbers between 0 and 12 such that the 
mean value x + y per chain is between 0 and 12, and that 
z (x+y), in which x+y represents the mean value of 
x+y in the entire molecule, is between 1 and 72, and Z 
represents the residue of a halogenated polyhydroxyl 
compound initiator and comprises a Cj to C$ haloge- 
nated aliphatic radical of valence z, the halogen being 
selected from the group consisting of chlorine and bro- 
mine. 
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HALOGENATED POLYETHER POLYOLS AND 
POLYURETHANE FOAMS PRODUCED 
THEREFROM 

5 

This is a continuation, of application Ser. No. 729,423 
now abandoned filed Oct- 4, 1976 which is a divisional 
of Ser. No. 607,595 filing date Aug. 25, 1975 now aban- 
doned which in turn is a cont. of Ser. No. 353,536 filed 
Apr. 23, 1973 now abandoned. 10 

The present invention relates to new halogenated 
polyether polyols and also to polyurethane foams pro- 
duced therefrom. 

It is known that rigid polyurethane foams have many 
varied uses in industry, particularly in the fields of 15 
building and insulation, where resistance to fire is a 
desirable or even indispensable property. 

Various means exist for imparting fire-resisting prop- 
erties to polyurethane foams. A well known process 
consists of the incorporation in the foams of fireproof- 20 
ing additives, such as antimony oxide or else haloge- 
nated and/or phosphorus compounds, such as tris(di- 
bromopropyl) or tris(dichloropropyl) phosphates, chlo- 
rinated biphenyls and halogenated hydrocarbons. These 
additives, which are not chemically bonded to the base 25 
polymer, are incapable of providing uniformly distrib- 
uted permanent resistance to fire. Moreover, they gen- 
erally have a plasticising effect on the foam, and conse- 
quently impair its mechanical properties, particularly its 
compressive strength and dimensional stability. 30 

Another means of producing fire-resisting polyure- 
thane foams consists in using halogenated and/or phos- 
phorated polyols. 

In French Pat. No. 1,350,425 of 12.3.1963 in the name 
of Olin Mathieson Corp there is described the use of 35 
halogenated polyether polyols produced by adding 
epihalohydrins to monomelic poiyhydric alcohols con- 
taining at least two hydroxyl groups. This addition 
reaction yields halogenated polyether polyols having a 
number of secondary hydroxyl functions equal to the 40 
number of hydroxyl functions of the starting hydroxyl 
reactant. The cellular polyurethanes resulting from the 
reaction of organic polyisocyanates on these haloge- 
nated polyether polyols certainly have satisfactory per- 
manent fire-resisting properties, but their dimensional 45 
stability is generally inadequate. Moreover, their pro- 
duction is difficult because of the low reactivity of these 
polyether polyols; this reactivity is still poorer than that 
of the corresponding non-halogenated polyether poly- 
ols. 50 

The Applicants have now found new halogenated 
polyether polyols which in particular permit the pro- 
duction of permanently fireproof polyurethane foams. 

The halogenated polyether polyols according to the 
invention correspond to the general formula: 
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60 



in which z represents a number between 2 and 6, x and 
y represent numbers between 0 and 12 such that the 
m ean va lue x + y pe r cha in is between 0 and 12 and that 65 
z (xTy), in which xTy represents the mean value of 
x+y in the entire molecule, is between 1 and 72, and Z 
represents an organic radical of valence z. 



The chlorinated polyether polyols according to the 
invention are characterised by the presence of a-diol 
groups; they contain primary and secondary hydroxyl 
groups which are not deactivated by the immediate 
proximity of chlorine atoms. 

Because of their special properties, the halogenated 
polyether polyols according to the invention have nu- 
merous different applications, such as the production of 
alkyde resins and additives for epoxy resins. The poly- 
ether polyols are also suitable for the production of 
chlorinated and phosphorated polyether polyols by 
reaction with organic and/or inorganic phosphorus 
compounds suchas phosphorous, phosphoric, pyro- and 
polyphosphoric acids, mono- and diphosphonic acids 
and their esters. 

It has in particular been found that the halogenated 
polyether polyols according to the invention are suit- 
able for the production of rigid and semi-rigid fire- 
resisting polyurethane foams. The invention likewise 
relates to a process for the production of rigid or semi- 
rigid fire-resisting polyurethane foams. According to 
this process, rigid or semi-rigid fireproof polyurethane 
foams are produced by the reaction of an organic poly- 
isocyanate and at least one polyether polyol of the gen- 
eral formula: 
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in which z represents a number between 2 and 6, x and 
y represent num bers between 0 and 12 such that the 
m ean va lue x + y pe r chai n is between 0 and 12 and that 
z (x + y), in which x"=Fy represents the mean value of 
x + y in the entire molecule, is between 1 and 72, and Z 
represents an organic radical of valence z. 

Chlorinated polyether polyols according to the in- 
vention which are particularly preferred for the pro- 
duction of rigid fireproof polyurethane foams corre- 
spond to the above general formula in which z repre- 
sents a number between 2 and 6, x and y represent num- 
bers between 0 and 4 such that the me an valu e x+y per 
chain is between 0 and 4 and that z (x + y), in which 
x~+y represent the mean value of x+y in the entire 
molecule, is between 1 and 24, and Z represents a C2 to 
C6 organic radical of valence z. 

Polyether polyols which are very particularly pre- 
ferred for the production of rigid polyurethane foams 
correspond to the above general formula, in which z, x 
and y have the meanings defined above, and Z repre- 
sents a C2 to C6 halogenated saturated or unsaturated 
aliphatic radical of valence z, the halogen being selected 
from the group comprising chlorine and bromine. 

The halogenated polyether polyols according to the 
invention permit the production of fireproof polyure- 
thane foams possessing mechanical properties similar to 
if not better than those of commercial non-halogenated 
polyether polyols. 

The halogenated polyether polyols of the invention 
can be used alone or in mixtures for the production of 
polyurethanes. 

The relative proportion of halogenated polyether 
polyols according to the invention in the mixture of 
polyether polyols used may vary within a fairly wide 
range. The self-extinguishability properties of the re- 
sulting polyurethane are obviously the better, the 
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higher this proportion. Self-extinguishable rigid poly- 
urethanes according to the standard ASTM D 1692 can 
be obtained by using polyether polyol mixtures contain- 
ing one or more non-halogenated polyether polyols and 
40%, preferably 70%, by weight of those polyether 
polyols according to the invention which have the low- 
est halogen content and only 20-35% by weight of 
those halogenated polyether polyols according to the 
invention which have the highest halogen content. 

The rigid and semi-rigid polyurethane foams forming 
the object of the invention are produced in a manner 
known per se by reacting halogenated polyether poly- 
ols according to the invention, or mixtures of non- 
halogenated polyether polyols and halogenated poly- 
ether polyols according to the invention, respectively, 
and organic polyisocyanates in the presence of a foam- 
ing agent and of one or more reaction catalysts, option- 
ally water, emulsifying agents, and/or stabilising agents, 
filling materials, pigments, etc. 

The halogenated polyether polyols according to the 20 
invention are suitable for the production of polyure- 
thane foams by any conventional foaming methods, 
such as the single-stage method known as "one-shot", 
methods utilising a prepolymer or a semi-polymer, the 
so-called "frothing" pre-expansion method. 

All organic isocyanates normally used for the pro- 
duction of rigid polyurethane foams are suitable. Partic- 
ularly preferred isocyanates are methylene bis(4- 
phenylisocyanate) in the pure or partially polymerised 
state, tolylene diisocyanates in the pure state or in the 30 
form of isomer mixtures, and naphthalene 1,5-diisocya- 
nate. 

The theoretical amount of polyisocyanate necessary 
for the production of polyurethane is calculated in 
known manner in dependence on the hydroxyl index of 35 
the polyether polyol or polyols and, where applicable, 
of the water which are present. It is advantageous to use 
a slight excess of polyisocyanate so as to ensure an 
isocyanate index of 105-120, which improves the hot 
distortion resistance of the resulting rigid polyurethane 40 
foam. 

The catalyst used may be any of the catalysts known 
to be used for this purpose, particularly the tertiary 
amines such as triethylenediamine (1,4-diazabicy- 
clo[2.2.2]octane), triethylamine, trimethylamine, dime- 45 
thylaminoethanol, and the metallic salts, such as the 
salts of antimony, tin, and iron. Triethylamine is a par- 
ticularly preferred catalyst. 

The amount of catalyst may vary to a certain extent; 
it affects the mechanical properties of the resulting 
foam. From 0.1 to 3% by weight of catalyst, referred to 
the polyether polyol or mixture of polyether polyols, is 
generally used. 

The choice of the foaming agent is not critical. 
Known foaming agents are all suitable without excep- 
tion, particularly water, halogenated hydrocarbons 
such as methylene chloride and chloroform, and also 
the chlorofluoro alkanes such as trichloromonofluoro- 
methane (R 11), dichlorodifluoromethane (R 12), and 
trichlorotrifluoroethane (R 113). 

The quantity of foaming agent may also vary to a 
fairly great extent. It is advantageous to use from 0. 1 to 
10% of water and/or from 1 to 70% by weight of halo- 
genated hydrocarbon referred to the polyether polyol 
or mixture of polyether polyols. 

It may be advantageous to prepare the polyurethane 
foams by using small amounts of a surfactant which 
contributes towards improving the cellular structure, 



preferably from 0.2 to 2% by weight referred to the 
polyether polyol or mixture of polyether polyols. 

The chlorinated polyether polyols forming the object 
of the invention may be obtained by oligomerisation, 
co-oligomerisation, condensation, dehydrochlorination, 
and hydrolysis, the starting materials comprising on the 
one hand epichlorohydrin and on the other hand water 
or di- or polyhydroxylated compounds which may op- 
tionally be halogenated and/or have ether oxide bonds, 
and/or double bonds capable of being halogenated in a 
subsequent stage according to techniques well known 
to those versed in the art. 

A suitable mode of operation comprises hydrolysis in 
a diluted acid medium of di- or polyglycidyl ethers of 
epichlorohydrin oligomers of the general formula: 
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in which z is a number between 2 and 6, x and y repre- 
sent numbers between C and 12 such that the mean 
value x + y per chain is between 0 and 12 and that z 
(x+y), in which x = TF re P resents tne mean value of x + y 
in the entire molecule, is between 1 and 72, and Z repre- 
sents an optionally halogenated saturated or unsatu- 
rated organic radical of valence z. 

This hydrolysis may be accompanied by secondary 
condensation reactions which lead to a lengthening of 
the chains with the formation of chlorinated polyether 
polyols containing more chlorine and less hydroxyl 
functions. 

It is not indispensable to separate these products, 
which are likewise chlorinated polyether polyols con- 
taining a-diol groups, the presence of which is not in 
any way harmful to the synthesis of further processed 
products. 

The hydrolysis of di- and polyglycidyl ethers of epi- 
chlorohydrin oligomers is advantageously effected in a 
nitric or perchloric acid medium. 

The amounts of water and acid to be used for the 
hydrolysis may vary to a considerable extent. They 
govern in particular the reaction period and also the 
rate of the secondary condensation reactions. It is ad- 
vantageous to use from 1.2 X 10~ 2 to 2.5 X 10~ 2 moles of 
nitric acid and from 1 to 10 kg of water per mole of di- 
or polyglycidyl ether. 

The hydrolysis reaction is carried out with agitation 
at the boiling temperature of the reaction medium. The 
end of the reaction is detected by. determination of the 
residual oxirannic oxygen. 

After cooling, the reaction product may be in the 
form of a two-phase system, comprising an aqueous 
phase containing the chlorinated polyether polyols 
which are the lightest and have the most hydroxyl func- 
tions, and a dense water-saturated organic phase con- 
taining the halogenated polyether polyols which are the 
heaviest and contain the most halogen. It is not indis- 
pensable to separate these two phases and to treat them 
separately in order to isolate the polyether polyols 
which they contain. 

The mode of operation described above is suitable for 
the production of polyether polyols halogenated "to 
measure" which have variable relative contents of halo- 
gen and hydroxyl functions which are determined by 
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appropriate choice of the initial glycidyl ether and/or of 
the hydrolysis conditions. 

The di- and polyglycidyl ethers of epichlorohydrin 
oligomers are obtained, in a manner known per se, by 
dehydrochlorination in an alkaline medium of chlori- 
nated polyether polyols having end chlorohydrin 
groups resulting from the oligomerisation of epichloro- 
hydrin which is initiated by water or a di- or polyhy- 
droxyl compound, which may be saturated or unsatu- 
rated, halogenated or non-halogenated, and of an ali- 
phatic, alicyclic, or aromatic nature. 

A first type of di- and polyglycidyl ethers according 
to the formula above comprises those the formula of 
which contains a non-halogenated radical Z. They are 
obtained by dehydrochlorination of chlorinated poly- 
ether polyols resulting from the catalytic oligomerisa- 
tion of epichlorohydrin which is initiated by saturated 
or unsaturated polyols, such as ethyleneglycol, propyle- 
neglycol, and hexamethyleneglycol, glycerine, butane- 
triol and hexanetriol, trimethylolpropane, erythritol and 
pentaerythritol, mannitol and sorbitol, resorcinol, cate- 
chol, hydroquinone, bisphenol A, di- and tri-ethyleneg- 
lycol, di- or tri-propyleneglycol, 2-butene-l,4-diol, 3- 
butene- 1 ,2-diol, 2-buty ne- 1 ,4-diol, 3-butyne- 1 ,2-diol, 
l,5-hexadiene-3,4-diol, 2,4-hexadiene-l,6-diol, 1,5-hex- 
adiyne-3,4-diol, 2,4-hexadiyne- 1 ,6-diol. 

The polyols which are particularly preferred are the 
aliphatic polyols, particularly 2-butene-l ,4-diol and 
2-butyne-l,4-diol, ethylene glycol, and glycerine. The 
use of these last-mentioned initiators leads to the obtain- 
ing of di- and polyglycidyl ethers corresponding to the 
general formula given above in which Z represents the 
radicals — CH2 — CH2 — and 

—CH2—CH— ch 2 — 
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obtained by dehydrochlorination in an alkaline medium 
of the unsaturated chlorinated polyether polyols result- 
ing from the catalytic oligomerisation of epichlorohy- 
drin which is initiated by an unsaturated di- or polyhy- 
droxyl compound. 

Furthermore, the halogen content of the polyether 
polyols of the invention, and consequently the flame 
resistance of the polyurethanes derived therefrom, can 
be still further increased if these polyether polyols also 
have unsatu rations, by partial or complete bromination 
of these unsaturations. By this technique the unsatu- 
rated polyols resulting from the hydrolysis in a dilute 
acid medium of the di- or polyglycidyl ethers of unsatu- 
rated epichlorohydrin oligomers of the general formula: 
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respectively. 

A second type of di- and polyglycidyl ethers leading 
to polyester polyols having a higher halogen content 
comprises those of which the formula given above con- 
tains a halogenated radical Z, the halogen being se- 
lected from the group comprising chlorine and bro- 
mine. They may be obtained by the dehydrochlorina- 
tion of the chlorinated polyether polyols resulting from 45 
the catalytic oligomerisation of epichlorohydrine which 
is initiated by saturated or unsaturated halogenated 
polyols, such as glycerol monochloro- and mono 
bromohydrins, 3,4-dibromo-l,2-butanediol, 2,3- 
dibromo- 1 ,4-butanediol, the 2,3-dibromo-2-butene- 1 ,4- 
diols, the 3,4-dibromo-2-butene-l,2-diols, 2,2(bis)- 
bromomethyl- 1 ,3-propanediol, 1 ,2,5,6- tetrabromo-3,4- 
hexanediol. 

The oligomerisation of epichlorohydrin may also be 
initiated by a mixture of brominated and/or unsaturated 
diols. 

The molar ratio of epichlorohydrin and iniator polyol 
is not critical and may vary within a wide range. This 
ratio governs the hydroxyl index of the resulting poly- 
ether polyol. 

The oligomerisation catalyst may be any of the acid 
catalysts known for this type of reaction. It is neverthe- 
less preferred to use boron trifluoride in the free or 
complexed state. 

Di- and polyglycidyl ethers of brominated epichloro- 65 
hydrin oligomers can also be obtained by partial or 
complete molecular bromination of the di- or polyglyci- 
dyl ethers of unsaturated epichlorohydrin oligomers 
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in which x, y, and z correspond to the definition given 
above and Y represents an unsaturated organic radical 
or valence z, are brominated. 

The method of bromation of the polyether polyols 
and glycidyl ethers is not critical. It is possible to oper- 
ate in a manner known per se, optionally in the presence 
of a catalyst and of an inert solvent such as chloroform, 
carbon tetrachloride, methylene chloride, or o- 
dichlorobenzene. 

The temperature is generally kept below 50°-6O° C. 

The amount of bromine used is not critical. Neverthe- 
less, it is preferred to use an almost stoichiometric quan- 
tity of bromine. 

Particularly preferred polyether polyols correspond 
to the general formula in which Z represents the radi- 
cals 



CH2CI — CH — ; 
CH 2 



— CH 2 — CHBi — CHBr — CH 2 — ; 



-CH 2 — CBr=CBr— CH 2 — . 



The examples given illustrate the invention, without 
however limiting it. 

Examples 1, 2, 3, 4, and 5 relate to the production of 
mixtures of chlorinated polyether polyols by hydration 
of glycidyl ethers of epichlorohydrin oligomers ob- 
tained by adding epichlorohydrin to monochloro- 
propanediol (Examples 1, 2, 3), ethylene glycol (Exam- 
ple 4) and glycerine (Example 5). 

Example 6 relates to the production of chlorobromin- 
ated polyether glycols by bromination of unsaturated 
chlorinated polyether polyols resulting from the hydro- 
lysis of the diglycidyl ether produced by adding epi- 
chlorohydrin to butynediol. 

Examples 7 and 8 relate to polyurethane foams pro- 
duced with the intervention of mixtures of chlorinated 
polyether polyols produced respectively in accordance 
with Examples 1 and 4. 

Example 9 relates to polyurethane foams produced 
with the intervention of a mixture of chlorobrominated 
polyether polyols according to Example 6 and of a 
commercial non-halogenated polyether polyol having a 
hydroxyl index of 503 and a viscosity of 1 1 8 poises at 
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20 s C. which is sold under the trade mark VORANOL 
RN 490. 

Example 10, a reference example, relates to polyure- 
thane foams produced with the aid of commercial poly- 
ether polyol. 5 

Example 11, also a reference example, related to 
polyurethane foams produced with the aid of a chlori- 
nated polyether polyol according to the aforesaid pa- 
tent of Olin Matjiieson Corp, and synthetised by 
oligomerisation of epichlorohydrin in the presence of 10 
glycerine in the molar ratio 4/1. 

EXAMPLE 1 

500 g, that is to say 1 mole, of the diglycidyl ether of 
epichlorohydrin tetramer, 1,000 cm 3 of demineralised 15 
water, and 12.5 cm 3 of normal nitric acid are introduced 
at ambient temperature into a 2-liter glass reactor im- 
mersed in a bath of oil under thermostat control and 
equipped with an agitator and a reflux condenser. 

The medium is brought to boiling point and kept 
under, constant agitation. After 20 hours, determination 
of oxirannic oxygen indicates that all the diglycidyl 
ether is hydrated. The reactional mixture is then cooled 
and subjected just as it is, without separation of the 
aqueous and organic phases, to evaporation under re- 
duced pressure so as to drive off the major part of the 
water. The chlorinated polyether polyols are then dried 
by azeotropic entrainment of water by methylene chlo- 
ride. Entrainment by nitrogen at 60° C. enables the last 
traces of water and methylene chloride to be driven off. 

A relatively viscous, clear liquid is obtained which 
has the following characteristics: 
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Viscosity at 20" C, poises 


410 


Chlorine content, % by weight 


22.65 


Hydro* yl index, mg KOH/g polyol 


562 


Gardner coloration index 


6 


Mean measured mplecular mass 
Mean value of ( x + y ), calculated 


366 


0.66 



20 



25 



The product collected in the organic 


phase has the 


following properties: 




Specific gravity, 20° C. 


1.336 


Viscosity at 20° C, poises 


418 


Chlorine content, % by weight 


26.22 


Hydroxy 1 index, mg KOH/g polyol 


360 


Gardner coloration index 


6 


Mean measured molecular mass 


567 


Mean value of ( x + y ), calculated 


1.75 


EXAMPLE 3 



The operation procedure is similar to that of Example 
1, using 500 g, that is to say 1.185 moles, of the diglyci- 
dyl ether of epichlorohydrin pentamer. A clear liquid is 
obtained, which has the following properties: 
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Specific gravity, 20" C. 
Viscosity at 20" C, poises 
Chlorine content, % by weight 
Hydroxyl index, mg KOH/g polyol 
Gardner coloration index 
Mean measured molecul ar mass 
Mean value of ( x ■+■ y ), calculated 



1.344 
950 
29.29 
336 
7 

643 
2.12 



Specific gravity, 20° C. 
Viscosity at 20" C, poises 
Chlorine content, % by weight 
Hydroxyl index, mg KOH/g polyol 
Gardner coloration index 
Mean measured molec ular mass 
Mean value of (x + y) t calculated 



1.337 
750 
25 
409 
9 

534 
1.51 



45 



EXAMPLE 2 

The mode of operation is similar to that of Example 1, 
using 500 g, that is to say 0.815 mole, of the diglycidyl 
ether of epichlorohydrin trimer. A clear liquid is ob- 
tained which has the following characteristics: 



Specific gravity, 20* C. 1.329 50 

Viscosity at 20° C, poises 610 

Chlorine content, % by weight 24.21 

Hydroxyl index, mg KOH/g, polyol 458 

Gardner coloration index 6 

Mean measured molecul ar mass 469 

Mean value of ( x + y ), calculated 1.19 55 



The abovedescribed mixture of chlorinated polyether 
polyols produced according to Example 2 is decanted 
and separated into an aqueous phase and an organic 
phase, and the two phases are then treated separately in 
order to isolate the products which they contain. 

The product collected in the aqueous phase, which 
represents 47% by weight of the total of the products 
collected in the aqueous and organic phases, has the 
following properties: 



35 EXAMPLE 4 

The operating procedure is similar to that of Example 
1, utilising 500 g, that is to say 1.10 mole, of the diglyci- 
dyl ether of an epichlorohydrin oligomer, produced by 
40 dehydrochiorination of the product resulting from the 
addition of 5 moles of epichlorohydrin to 1 mole of 
ethylene glycol. 

A clear liquid is obtained which has the following 
characteristics: 
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Specific gravity, 20" C. 


1.312 


Viscosity at 20' C, poises 


291 


Chlorine content, % by weight 


22.8 


Hydroxyl index, mg KOH/g polyol 


430 


Gardner coloration index 


6 


Mean measured molecular mass 


506 


Mean value of ( x + y ), calculated 


1.63 



EXAMPLE 5 

The operating procedure is similar to Example 1, 
utilising 500 g, that is to say 0.55 mole, of the triglycidyl 
ether of an epichlorohydrin oligomer produced by de- 
hydrochiorination of the product resulting from the 
addition of 10 moles of epichlorohydrin to 1 mole of 
glycerine. 

A very viscous liquid is obtained which has the fol- 
lowing characteristics: 



65 



Specific gravity, 20* C. 



1.320 



Specific gravity, 20" C. 1.343 

Chlorine content, % by weight 26.5 

Hydroxyl index, mg KOH/g polyol 308 

Gardner coloration index 12 
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Mean measured molecul ar mass 
Mean value of ( x + y ), calculated 



989 
2.59 
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25 



30 



35 



45 



50 
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EXAMPLE 7 



EXAMPLE 6 

500 g, that is to say 1.16 mole of the diglycidy! ether 
of an unsaturated epichlorohydrin oligomer, produced 
by dehydrochlorination of the product resulting from 
the addition of 4.5 moles of epichlorohydrin to 1 mole 
of butynediol, 1,000 cm 3 of demineralised water, and 2.9 
cm 3 of a 70 weight % aqueous solution of perchloric 
acid are introduced at ambient temperature into a 2-liter 
glass reactor immersed in a bath of oil under thermostat 
control and equipped with an agitator and a reflux con- 
denser. 

The operating procedure is in accordance with Ex- 
ample 1. A brownish mobile liquid is obtained which is 
composed of 1.16 mole of chlorinated poly ether polyol 20 
having an acetylene unsaturation. 

1.16 mole of bromine is added drop by drop to the 
cooled reactional mixture to which 1.4 g of boron triflu- 
oride diethyl etherate has been added. It is ensured that 
the temperature does not exceed 50° C. After the intro- 
duction of the bromine, which takes about 2 hours, the 
mixture is left under agitation until the brown vapours 
of the gas phase disappear. The acidity is then neutral- 
ised by adding anhydrous calcium carbonate, and the 
mixture is kept under vigourous agitation for 2 hours. 
The liberation of carbon dioxide is observed. Since the 
mass obtained is fairly viscous, 0.5 liter of methylene 
chloride is added and the product then filtered to elimi- 
nate calcium carbonate. The methylene chloride is then 
eliminated by evaporation at 95° C. at 15 mm mercury 
until the weight is constant. 

The characteristics of the resulting chlorobrominated 
polyether polyol, which has a double bond, are as fol- 
lows: 

40 

Specific gravity, 20' C. 1.67 
Viscosity at 20* C, poises 900 
Chlorine content, % by weight 14.2 
Bromine content, % by weight 25.6 
Hydroxyl index, rag KOH/g polyol 330 
Gardner coloration index 10 
Mean measured molecul ar mass 746 
Mean value of < x + y ), calculated 1.9 



100 g of chlorinated polyether polyols of Example 1, 
0.5 g of silicone DC 193, 2 g of triethylamine, and 40 g 
of trichlorofluoromethane (R 11) are introduced in 
succession into a 400 cm 3 glass container. The mixture is 
agitated so as to make it perfectly homogeneous. 103.8 
g of crude methylene bis(4-phenylisocyanate) are then 
added. The resulting mixture is agitated for 20 seconds, 
then poured into a mould, and allowed to set at ambient 
temperature. The creaming time amounts to 3 seconds 
and the development time to 30 seconds. A self-extin- 
guishable rigid foam is obtained of which the main 
physical and mechanical characteristics are shown in 
Table I, while its fire-resisting properties are shown in 
Table II. 

EXAMPLE 8 

The operating procedure is similar to that of Example 
7, but using 100 g of the chlorinated polyether polyols 
of Example 4 and 109.2 g of crude methylene bis(4- 
phenylisocyanate). The creaming time amounts to 6 
seconds and the development time to 24 seconds. A 
self-extinguishable rigid foam is obtained the main phys- 
ical and mechanical characteristics of which are shown 
in Table I, while its fire-resisting properties are shown 
in Table II. 

EXAMPLE 9 

The operating procedure is similar to that of Example 
7, but using 50 g of a mixture of the chlorobrominated 
polyether polyols of Example 6, 50 g of commercial 
polyether polyol, 1.5 g of triethylamine and 106 g of 
methylene bis(4-phenylisocyanate). A self-extinguisha- 
ble rigid foam is thus developed with a creaming time of 
13 seconds and a development time of 75 seconds. 

The main physical and mechanical characteristics of 
this foam are shown in Table I and its fire-resisting 
properties in Table II. 

EXAMPLE 10 (REFERENCE) 

The operating procedure is similar to that described 
in Example 7, but using 100 g of commercial polyether 
polyol, 128 g of methylene bis(4-phenylisocyanate) and 
a mixture of amines comprising 1.5 g of triethylamine 
and 0.5 g of triethylene diamine. A combustible rigid 
foam is thus developed with a creaming time of 35 sec- 
onds and a development time of 85 seconds. The main 
physical and mechanical characteristics of this foam are 
shown in Table I and its fire-resisting properties in 
Table II. 

Table I 



Example No. 


7 


8 


9 


10 


Characteristics of foam 










Apparent specific gravity, kg/m 3 


36.3 


36 


32 


29.6 


Mean dimension of cells 










mm - horizontal direction 


0.24 


0.22 


0.32 


0.30 


vertical direction 


0.42 


0.46 


0.46 


0.65 


Proportion of closed cells 










(SCHOLTEN method). %* 


90 


91 


91 


88 


Absorption of water (standard ASTM 










D 2127), vol. % 


1.8 


1.8 


2.5 


1.5 


Thermal conductivity (according to 










standard DIN 5 2612) cal/cm.sec. *C. 


0.7 X 10- 4 


0.6 X 10~ 4 


0.63 X 10- 4 


0.6 X 10- 4 


Compressive strength (standard ISO 










R 844), kg/cm 2 •* 


t t + 


t t + 


t t + 


t t + 


Stress at 10% deformation 


1.64 1.35 


1.93 1.34 


2.37 ND 


1.88 1.16 


Maximum load 


1.91 1.35 


ND ND 


ND ND 


1.88 1.16 


Bending strength (standard ISO 










R 1209)** 


t T + 






t T + 
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Table I-continued 



Example No. 



10 



Breaking load, kg 1.56 2.66 ND ND 1.49 2.71 

Knife displacement at break, mm 18.1 12.0 ND ND 14 4 10 0 

Dimensional stability (at 100° C in 

ambient humidity) 
aluminum 

ICI/foil method, samples of 
15 X 15 X 1 cm, surface 

variation, a after 1 day +5.8 o ND +4 7 

after 7 days +8.6 0 +4.5 +8 3 

SCHOLTEN method, samples of 
5X5x5 cm, mean variation 
of length of edges, 

% after 1 day +0.53 ND ND +0 87 

after 7 days +1.1 +0 ,5 ND +15 

Friability (method ASTM C 421) 
Loss of weight in % 

after 2 mins. 4.0 2.0 0.7 4.2 

after 10 mins. 16Ji IL2 5.2 26^0 

ND : not determined " *"**"* " = "* ...-——=-. 

* : uncorrected for surface cells 

♦•J J indicates stresses parallel to the expansion of the foam 
indicates stresses perpendicular to the expansion of the foam. 



Table II 


Example No. 


7 


8 


9 


10 (ref) 


Inflammability test (standard 










ASTM D 1692) 










Class 


Self-exting- 


Self-exting- 


Self-cxting- 


Combustible 




uishable 


uishablc 


uishable 




Time elapsing before extinc- 










tion, sec. 


47 


43 


47 




Duration of combustion, sec. 








46 


Extent of combustion, cm 


2.6 


3.3 


3 


12.7 


Extent of combustion, % 


20.5 


25.9 


23.5 


100 


Speed of combustion, cm/min 


3.3 


4.6 


3.8 


16.6 


Inflammability test (according 








to standard ASTM E 162) 










Class 


Self-exting- 


Self-exting- 


Self-exting- 


Combustible 




uishable 


uishable 


uishable 




Time elapsing before extinc- 










tion, sec. 


132 


ND 


86 




Duration of combustion, sec. 




ND 






Extent of combustion, cm 


17.6 


ND 


31.5 




Extent of combustion, % 


61.5 


ND 


90 




Speed of combustion, cm/min 


9.8 


ND 


22 





EXAMPLE 11 (REFERENCE) 

The operating procedure is similar to that described 4 5 
in Example 7, but using 100 g of an epichlorohydrin 
oligomer produced by adding 5 moles of epichlorohy- 
drin to 1 mole of glycerine. The main characteristics of 
this product are as follows: 



Specific gravity, 20" C. 


1.347 


Viscosity at 20° C, poises 


232 


Chlorine content, % by weight 


32.41 


Hydroxyl index, mg KOH/g polyol 


282 


Gardner coloration index 


3 


Mean measured molecular mass 


548 



In addition to the 100 g of oligomer described above, 
0.5 g of silicone DC 193, 1.5 g of triethylamine, 30 g of 
trichlorofluoromethane and 71.6 g of crude methylene 60 
bis(4-phenylisocyanate) are used. 

The creaming time amounts to 20 seconds. 

After 101 seconds a foam has been developed which 
has a specific gravity of 35.8 kg/m 3 which is self-extin- 
guishable according to the standards ASTM D 1692 65 
and E 162. 

The bending strength and compressive strength prop- 
erties of this foam are comparable to those of the foam 



produced in Example 7. Nevertheless, its dimensional 
stability is entirely inadequate; the variations of the 
surface or mean length of the edges of samples of 
15X15X1 cm, kept for 1 day at 100° C. in ambient 
humidity, are even no longer measurable because of the 
softening of the samples and the appearance of numer- 
ous crevices. 

The comparison of the properties of the rigid poly- 
urethane foams produced in accordance with Examples 
7, 8, 9, 10, and 1 1 amply shows that the new chlorinated 
polyether polyols according to the invention permit the 
production of self-extinguishable rigid foams having 
mechanical properties comparable with if not better 
than those of the rigid foams produced with the aid of 
non-halogenated polyether polyols, particularly good 
dimensional stability, a property which is indispensable 
for the effective use of rigid foams and which is not 
possessed by foams produced with the aid of chlori- 
nated polyether polyols of the prior art. 

We claim: 

1. Polyether polyols of the general formula: 



13 
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14 



t 



i— CH— CH 2 =J-0-FCH 2 — CH— 0^-CH 2 — CH— CH 2 
CH 2 C1 I CH 2 C1 I OH OH 



1 



in which z represents a number between 2 and 6, x and 
y represent numbers between 0 and 12 such that the 
m ean va lue x + y p er cha in is between 0 and 12, and that 
z (x + y) in which xTy represents the mean value of 
x+y in the entire molecule is between 1 and 72 and Z 
represents the residue of a halogenated polyhydroxyl 
compound initiator and comprises a C2 to C6 haloge- 
nated aliphatic radical of valence z, the halogen being 
selected from the group consisting of chlorine and bro- 
mine. 

2. Polyether polyols according to claim 1 wherein Z 
represents the bivalent organic radical 

CH 2 C1— CH— 

I 

CH 2 - 



3. Polyether polyols according to claim 1 wherein the 
halogen of C2 to halogenated aliphatic radical is 
bromine. 

4. Polyether polyols according to claim 1 wherein Z 
represents the bivalent brominated saturated radical 



10 



— CH2 — CH — CH — CH 2 — • 
Br Br 

5. Polyether polyols according to claim 1 wherein Z 
represents the bivalent brominated unsaturated radical 



15 



20 



— CH 2 — C=C— CH 2 — . 
I \ 
Br Br 

6. Polyether polyols according to claim 1 character- 
ized in that x and y represent numbers between 0 and 4 
such that the mea n valu e x + y pe r chai n is between 0 
and 4 and that z (jTfy), in which x+y represents the 
mean value of x + y in the entire molecule, is between 1 
and 24. 

* * ♦ * * 



25 



30 



35 



40 



45 



50 



55 



60 



65 



